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[57] ABSTRACT 
A device with magnetic heads for the recording of 
items of information on a magnetic medium, such as a 
tape, is disclosed. The magnetic heads are arranged in 
the form of a matrix network, which is preferably plane. 
For the excitation of each head, there is provision for a 
network of conducting wires associated with the matrix 
network. The excitation conducting wires are, for ex 
ample, not coiled. 

24 Claims, 4 Drawing Sheets 
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MATRIX DEVICE WITH MAGNETIC HEADS, 
NOTABLY IN THIN LAYERS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a magnetic recording device 

with several heads, notably in thin layers. 
2. Description of the Prior Art . 
For the recording and reading of information on 

magnetic media, notably tapes, it is increasingly being 
sought to miniaturize the recording heads so as to in 
crease the density of information on the medium. For 
miniaturization, thin layer heads are generally used. 
A magnetic head consists of a magnetic circuit with a 

gap, associated with a coil to which is applied the signal 
to be recorded on the medium placed in the vicinity of 
the gap. This signal applied to the coil creates a mag 
netic ?eld used to magnetize the small zone of the me 
dium which is in the vicinity of the gap. 

It is also sought to associate several magnetic heads 
so as to prevent motions of the heads. For example, for 
tapes, especially for video tape recorders, it is useful to 
provide for a row of magnetic heads, one per track on 
the tape. Furthermore, the association of several heads 
enables an increase in the speed with which items of 
information are written on the medium. 

SUMMARY OF THE INVENTION 

The invention enables a particularly simple structure 
of a set of magnetic recording heads. 
The device of the invention comprises a matrix net 

work of magnetic heads, wherein the signals to be re 
corded are provided to each head by simple electrical 
conducting wires, preferably uncoiled, placed along the 
same matrix network, each head being thus associated 
with two wires of different directions. In one embodi 
ment, the network is plane and the wires are rectilinear. 
For each magnetic head, there are two corresponding 

conductive wires, one row wire and one column wire. 
For this magnetic head to record an item of information 
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on the medium, the sum of the intensities of the currents , 
?owing through each of the wires should exceed a 
predetermined value. To this effect, the intensity of the 
current in each conductor of a head recording an item 
of information has a ?rst value, while the heads that 
record no information are associated with at least one 
conductor through which there ?ows a current having 
an intensity of a second value, which is smaller in terms 
of absolute value than the ?rst one. In other words an 
item of information is recorded solely by the magnetic 
heads to which correspond the row and column wires 
that are simultaneously crossed by a current of suffr 
cient intensity. 

Preferably, the magnetic beads are of the type having 
thin layers deposited on a substrate so that the magnetic 
?eld created is parallel to the surface of the substrate, 
the gap forming a layer perpendicular to this surface. 
To fabricate magnetic heads of this type, it is possible to 
use a method which consists in ?rstly depositing a ?rst 
pole on the substrate and then depositing the material 
forming the gap. This second layer has a smaller thick 
ness than the ?rst one and covers an end section of the 
?rst layer. Then, at least on the gap layer, a third layer 
of a magnetic material, forming the second pole, is de 
posited. Finally, these thin layers are polished or 
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2 
cleaned so as to bare the gap. With a method of his type, 
it is possible to obtain a gap of very small thickness. 
To close the magnetic circuit associated with each 

magnetic head in thin layers, in one structure, there is 
provision for another substrate made of magnetic mate 
rial, on which the first substrate is placed by its face 
opposite to that on which the poles and gap are depos 
ited, poles being formed, in this substrate made of mag 
netic material, at the locations corresponding to the 
poles of the magnetic heads. As an alternative, the thin 
layers are deposited directly on the magnetic substrate 
which is preferably in the form of a plate or “wafer”. 

This magnetic substrate has, for example, grooves in 
which the row and column wires are arranged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will 
appear from the following description of some of its 
embodiments, said description being made with refer 
ence to the appended drawings, of which: 
FIG. 1 is a drawing showing the various parts of a 

device with magnetic heads according to the invention; 
FIG. 2 is a section, along the line 2-2 of FIG. 1; 
FIGS. 3” to 3d are drawings showing a method of 

making a magnetic head of the device of FIG. 1; 
FIG. 4 is a drawing showing the working of the de 

vice of FIG. 1; 
FIG. 4,, corresponds to a variant of FIG. 4; 
FIG. 5 is a drawing of a variant of a device of FIG. 

1; and, 
FIG. 6 is a drawing showing the use of the device of 

FIG. 1 or FIG. 5. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The device with magnetic heads M1, M2. . . , shown 
in FIGS. 1 and 2, comprises a wafer 10 made of mag 
netic material such as a ferrite with rectilinear grooves 
111, 112, 113. . . , 121, 122, 123. . . on one ofits faces 13. 

The grooves 111, 112, 113. . . are parallel to each other 
and form rows while the grooves 121, 122, 123 . . . are 
perpendicular to the rows and form columns. 

In each groove, there is an electrical conductor 14;, 
142, 143. . . , 151, 152, 153. . . The conductor 141 is placed 
in the groove 11!, the conductor 14; is placed in the 
groove 11;, . . . , the conductor 15; is in the groove 121 
etc. 
To the wafer 10 made of magnetic material, there is 

bonded another wafer 16 made of non-magnetic mate 
rial. On the unoccupied face 161 of this wafer 16, are 
formed the pole pieces 17, 18, and the gap 19 of a series 
of magnetic heads, the number of which is equal to the 
number of intersections between the row conductors 
and the column conductors. The arrangement is such 
that each gap 19 is beneath the intersection of a row 
conductor and a column conductor. Thus, in FIG. 1, 
the gap 19 covers the intersection of the conductors 141 
and 151. Furthermore, each pole piece 17, 18, covers a 
pad or “block” 17 ', 18’ of the plate 10. The term “block” 
refers to a raised element on the surface 18 which is 
demarcated by grooves. It is also speci?ed that the 
conductors 14 and 15 are not secants but that the term 
“intersection” refers to the point of each of these con 
ductors having a same projection on the plane of the 
wafer 10. - 

The pole pieces 17 and 18 and, hence, the blocks 17’ 
and 18' are on either side of the conductor 14] (or of the 
groove 11]) as well as on either side of the conductor 
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151 (or of the groove 12]). Thus the pole pieces 17 and 
18 have a part 171, 182 with a greater square-shaped area 
or rectangular area corresponding to the block 17’, 18' 
as well as an extension 171, 181 of one of the corners of 
the rectangle in the vicinity of the intersection of the 
conductors 141 and 151. The gap 19 is between these 
extensions 171 and 181. The general direction of these 
extensions corresponds to a diagonal, i.e. about 45° with 
respect to the rows and the columns. 
The general direction of the slot of the gap 19 is, for 

example, parallel to the conductors 141. In one alterna 
tive, gaps are inclined by a small angle with reference to 
this direction whereas other gaps in staggered forma 
tion are inclined in reverse direction. In this way, the 
items of information recorded on the neighbouring 
tracks can be distinguished by the inclination of the 
magnetization, thus reducing the risk of diaphony dur 
ing the reading. 
To make the gap 19 as well as the pole 17 and 18 with 

thin layers, the procedure shown in FIGS. 3”, 31,, 3C and 
3,1 are followed. 

First, the pole piece 17 is formed on the non-magnetic 
plate 16. In FIG. 3,,, the ?ank 20 perpendicular to the 
surface 161 forms the end of the part 171 of this piece 17, 
i.e. one of the faces of the gap. The piece 17 is deposited, 
for example, by photo-etching. 
Then (FIG. 3b) a non-magnetic layer 21 is deposited. 

The thickness of this layer 21 is smaller than that of the 
layer 17, and it covers both the surface 161 of the wafer 
16 and the layer 17 as well as its ?ank 20. 
On that part of the layer 21 which is adjacent to the 

?ank 20 of 'the magnetic layer 17, another magnetic 
layer 22 (FIG. 3C) is deposited. 

Finally (FIG. 3d), all the layers thus formed are pol 
ished so as to bare the piece 17. It is thus seen that, in 
this way, the pole piece 18 and the gap 19 between the 
?ank 20 of the piece 17 and the ?ank 23 of the pole piece 
18, are formed. 
This method, already described in the French patent 

No. 86 14974 ?led on behalf of the applicant, enables the 
making, in a very simple way, of a magnetic head with 
thin layers while, at the same time, suitably controlling 
the thickness of the gap 19. It is true that the non-mag 
netic layer 21 which remains between the wafer 16 and 
the pole piece 18 is an obstacle to the closing of the 
magnetic circuit. However, in practice, it is seen that 
the presence of this layer 21 would practically not dam 
age the performance characteristics of the head. 
The magnetic circuit of each head is closed by the 

ferrite wafer 10. 
As an alternative (not shown), after the wires 14, 15, 

are ?tted in the corresponding grooves, these grooves 
are ?lled with a resin or with another meltable or ther 
mosetting material, and then the face thus formed is 
polished and the pole pieces 17, 18, and the gap 19 are 
directly deposited on this polished face at the locations 
of the blocks 17’, 18'. This deposition may be done, for 
example, by the method described above with reference 
to FIGS. 30 to 3d, , 
With this method, we do without the non-magnetic 

substrate 16, and this may improve performance charac 
teristics. 
The magnetic head device thus described can be used 

to record a series of items of information of a digital 
type on a magnetic medium, for example, a tape. A 
piece of binary‘information of l (or of 0) is recorded on 
the tape either by a magnetization with a determined 
direction and a value exceeding a threshold or by the 
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4 
transitiion between two magnetizations of opposite di 
rections and of values greater than a threshold. 
To record a binary digit of this type with a head 

having a position nm, i.e. a head which is in the order n 
row and the order m column, a current with an intensity 
I is injected into the order n row conductor and the 
order m column conductor. By contrast, in the other 
conductors, currents of an intensity —I/3 are injected. 
The intensity I creates a magnetic ?eld of a value 

which is insufficient to record the binary digit on the 
tape. By contrast, the magnetic ?elds created by the 
two conductors through which a current I flows gener 
ate a magnetic ?eld which is sufficient to record a bi 
nary digit. 
The ?eld created by the current with an intensity 

—I/ 3 on the non-addressed rows and columns reduces 
the unwanted ?elds. For, at a point (normally not ad 
dressed) which corresponds to a row (or column) con 
ductor crossed by a current I and a column (or row) 
conductor crossed by a current —-I/3, the magnetic 
?eld created is equivalent to that generated by a current 
I—-I/ 3 =2I/3. The necessarily created unwanted ?eld is 
thus reduced. 

It has also been experimentally observed that un 
wanted ?elds, of the magnitude of a third of the writing 
?eld, affect the reading signal only in an acceptable 
proportion (10 to 20%). If, on the non-addressed rows 
or columns, the intensity of the current were to be null, 
then, at the intersection of a non-addressed row and an 
addressed column (or the reverse), a magnetization 
would be obtained corresponding to a current I. This 
would make the reading even more difficult. If a current 
of opposite polarity, but with a greater absolute value 
(for example —I/2), were to be made to ?ow in the 
non-addressed row or column conductors, then a mag 
netization, corresponding to a current -I, would be 
obtained at the intersection of the non-addressed rows 
and columns, and this would produce a unwanted signal 
for the magnetization of opposite polarity. 

In the example of FIG. 4, there are ?ve row wires, 
14] to 145, and six column wires, 151 to 156, available, 
giving thirty magnetic heads in all. In this example, the 
rows'141, 143 and 144 and the column 154 are addressed, 
i.e. these conductors are crossed by a current with an 
intensity I while the others are crossed by a current 
with an intensity —I/3. Thus three points are recorded: 
those at the intersection of the column 154 and the rows 
14;, 143 and 144, 
According to one alternative (FIG. 4“), two current 

pulses of opposite directions are successively applied to 
each row, ?rstly a positive pulse with an intensity 2I1/3 
and then a negative pulse with an intensity -—2l1/3. On 
the column conductors, constant intensities 11/3 are 
applied if it is sought to record a binary digit “1” or 
-—I1/3 if it is sought to record a binary “0”. 
At the intersection of the conductors 141 and 151, 

when the pulse 2I1/3 appears, its effect gets added to 
that of the current 11/3 on the conductor 15] to magne 
tize the magnetic medium with a ?eld corresponding to 
the current I1, having a value sufficient to record a “1”. 
By contrast, thereafter, during the negative pulse 
—2I1/3, the magnetization corresponds 'to the current 
—I1/3 which generates a ?eld that is insuf?cient to 
erase the already recorded information. 
At the intersection of the conductor 141 and the con 

ductor 152 of FIG. 48, when the positive pulse appears, 
the magnetization corresponds to a current of an inten 
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sity 11/3 which is insufficient to record or erase an item 
of information. When the negative pulse -—2I1/3 oc 
curs, the magnetization is equivalent to that produced 
by a current —I1, which enables the recording of a “0”. 

It must be noted that, in this embodiment, unlike what 
was described with reference’ to FIG. 4, an item of 
information is recorded at all the points of each line. 

In general, in this embodiment, upon the appearance 
of the pulse with the same sign as the current on the 
associated column, the sum of the row and the column 
currents is suf?cient to record an item of information. 
During the pulse with an oppsoite direction, the sum of 
the currents is not enough to record or erase an item of 
information. Favorable results are obtained when the 
absolute value of an alternation of bipolar intensity is 
equal to twice the absolute value of the constant inten 
sity in a column. 

In the alternative embodiment shown in FIG. 5, the 
device with magnetic beads also has the general shape 
of a rectangle. However, it differs from the one shown 
in FIG. 1 by the fact that the pole pieces of a head are 
not diagonally oriented but are in the direction of a side 
30 of the rectangle. 
Thus the pole pieces form simple strips extended in a 

direction parallel to the side 30. The pole pieces, for 
example those referenced 31 in FIG. 5, which are not at 
the ends (near the edges 32 and 33 perpendicular to the 
edge 30) are common to two magnetic heads. It is seen, 
in particular, that the pole piece 31 is bordered by two 
gaps 34 and 35. 

In the ferrite wafer 36, the grooves which reach the 
signal recording conductors are diagonally oriented. 
To obtain matrix addressing and excitation similar to 

those of FIG. 4, each conductor has two parts in series. 
For example, the conductor 36;) has a ?rst rectilinear 
part associated with the gap 37 on the second row, and 
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with the gap 34 on the first row, as well as a second part - 
36;’, in series with the ?rst part, associated with gaps 38, 
39 and 40 on the third, fourth and ?fth rows. Only one 
diagonal conductor 365 has only one part. All the row 
conductors (in two parts or in only one part) encounter 
the same number of heads. 

Similarly, most of the column conductors, which are 
along the other diagonal, have two parts in series. They 
all encounter the same number of heads. These conduc 
tors 41 have been shown in broken lines in FIG. 5. 

In other respects, the embodiment is the same as in 
the case of FIG. 1. 
FIG. 6 shows a device with magnetic heads of the 

type decribed with reference to FIG. 1 or FIG. 5, simul 
taneously recording on a number of tracks 51, 52, etc. 
on a magnetic tape, this number of tracks being equal to 
the number of magnetic heads in the device 48. 
So that the spacing between the tracks can be con 

stant, the gaps of the different heads on one and the 
same row are separated by a constant distance, and the 
projection, on the direction 53, crosswise to the tape 50, 
of the distance between the last gap 54 of a row and the 
?rst gap 55 of the following row is equal to the projec 
tion, on this same direction 53, of the distance between 
two neighbouring gaps on one and the same row. 

It is seen that, with the device of FIG. 6, a large 
number of rows can be recorded on a magnetic tape 50 
without an excessive density of magnetic heads in the 
device 48. 
To read items of information recorded by the mag 

netic head device, it is possible either to use this same 
device or to use any other reading device, notably of the 
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6 
magneto-optical type. A particularly appropriate de 
vice is, for example, the one described in the French 
patent No. 84 08252 wherein there is provision for a 
light source such as a laser, a magneto-optic transducer, 
comprising a layer of a ferrimagnetic material, magne 
tized by the tape when it comes near this material, and 
a re?ecting layer on this material in the vicinity of the 
tape. The light beam goes through the ferrimagnetic 
material which is re?ected by the re?ecting layer. In 
this way, the direction of polarization of the beam is 
rotated in one direction, depending on the magnetiza 
tion of the zone observed, and re?ection enables the 
angular rotation to be doubled. 
What is claimed is: 
1. A device with magnetic beads having gaps for the 

recording of items of information on a magnetic me 
dium, wherein the heads are arranged in the form of a 
matrix network and wherein, for the excitation of each 
head, there is provided a network of conducting wires 
associated with the matrix network, said device com 
prising a wafer made of magnetic material, with inter 
secting grooves in which conductors are placed, each 
gap facing the intersection of two conducting wires, 
when all of said grooves are on one side of said wafer. 

2. A device according to claim 1, wherein the pole 
pieces associated with the gaps of the heads are in thin 
layers. 

3. A device according to claim 1, wherein the 
grooves in which the conducting wires are ?tted are 
?lled with a material, for example a thermosetting mate 
rial, so that the grooved face of the wafer is plane. 

4. A device according to claim 1, wherein the pole 
pieces associated with the gap of each magnetic head 
are thin layers deposited on the grooved face of the 
magnetic wafer. 

5. A device according to claim 1, wherein the pole 
pieces associated with the gaps of the heads are depos 
ited in thin layers on a wafer attached to the magnetic 
wafer. 

6. A device according to claim 2, wherein the gap 
forms a shoulder of a layer placed beneath one of the _ 
layers forming a pole piece. 

7. A device according to claim 1, wherein the excita 
tion conducting wires have an oblique direction with 
reference to the direction taken by the pole pieces of the 
magnetic heads. 

8. A device according to claim 2, wherein each pole 
piece has a main part and a projection at the end of 
which the gap is formed. 

9. A device according to claim 2 wherein each pole 
piece is in the form of an elongated strip. 

10. A device according to claim 9, wherein strips are 
common to two magnetic heads. 

11. A device with magnetic beads for the recording 
of items of information on a magnetic medium, wherein 
the heads are arranged in the form of a matrix network 
and wherein, for the excitation of each head, there is 
provided a network of conducting wires associated 
with the matrix network, wherein the intensity of the 
electrical current in each conductor of a head, record 
ing an item of information on the medium, has a ?rst 
value, with the heads that do not have to record infor 
mation being associated with at least one conductor 
crossed by a current with an intensity having a second 
determined value that approximately one third of the 
absolute value of the ?rst value. 

12. A device according to claim 11, wherein the di 
rection of the electrical current having the intensity of 
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the second value is such that it generates a magnetic 
?eld that counters the ?eld created by the conductors 
crossed by the intensity of the ?rst value. 

13. A device with magnetic heads for the recording 
of items of information on a magnetic medium, wherein 
the heads are arranged in the form of a matrix network 
and wherein, for the excitation of each head, there is 
provided a network of conducting wires associated 
with the matrix network wherein, being designed to 
record binary information, a conductor associated with 
a head recording an item of information on the medium 
is crossed by two successive pulses of opposite polari 
ties and wherein the other conductor associated with 
the head is crossed by a current of constant intensity, 
the sum of this constant intensity and the intensity of the 
pulse of the same sign as this constant current being 
sufficient to record an item of information while the 
sum of the constant intensity and the pulse of opposite 
polarity is insuf?cient to record or erase an item of 
information, the sign of constant intensity depending on 
the value of the binary digit to be recorded. 

14. A device according to claim 13, wherein the in 
tensity of the constant current is about half the intensity 
of a pulse in one direction. 

15. A device with magnetic heads for the recording 
of items of information on a magnetic medium, wherein 
the heads are arranged in the form of a matrix network 
and wherein, for the excitation of each head, there is 
provided a network of conducting wires associated 
with the matrix network, wherein the intensities of the 
electrical currents, in each conductor of a head that 
does not have to record information, are such that they 
generate unwanted ?elds of the magnitude of one third 
of the writing ?eld. 

16. A device according to any of the above claims 
wherein the matrix network is plane. 

17. A device according to any one of the claims 
wherein the conductive wires are rectilinear. 

18. A device according to claim 1, wherein the con 
ducting wires are not coiled. 
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19. A device according to any one of the claims 1, 11, 

13 or 15, wherein, in projection in a determined direc 
tion, the distance between neighbouring heads of one 
and the same row is constant and equal to the distance 
between the last head of a row and the ?rst head of the 
following row. 

20. A device according to any one of the claims 1, 11, 
13 or 15, wherein all the row wires are associated with 
one and the same number of magnetic heads. 

21. A device according to any one of the claims 1, 11, 
13 or 15, wherein all the column wires are associated 
with one and the same number of magnetic beads. 

22. A device according to claim 20, wherein at least 
some of the row wires (or column wires) have two 
parallel parts, the numbers of heads overlaid by each of 
the parts being unequal. 

23. A device with magnetic beads for the recording 
of items of information on a magnetic medium, wherein 
the heads are arranged in the form of a matrix network 
and wherein, for the excitation of each head, there is 
provided a network of conducting wires associated 
with the matrix network, wherein the magnetic heads 
are in thin layers and wherein the gap of each head 
forms a shoulder of a layer placed beneath one of the 
layers forming a pole piece. 

24. A device with magnetic heads having gaps for the 
recording of items of information on a magnetic me 
dium, wherein the heads are arranged in the form of a 
matrix network and wherein, for the excitation of each 
head, there is provided a network of conducting wires 
associated with the matrix network, said device com 
prising a wafer made of magnetic material, with 
grooves in which conductors are placed, each gap fac 
ing the intersection of two conducting wires, when all 
of said grooves are on one side of said wafer and 
wherein pole pieces associated with said gaps are in thin 
layers and wherein each pole piece is in the form of an 
elongated strip with each of said strips being common 
to two magnetic heads. 
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